We have identified vibrationally excited CH 3 CH 2 CN (ethyl cyanide) for the first time in the interstellar medium. Using the Caltech Submillimeter Observatory, the Berkeley-Illinois-Maryland Association Array, and the Caltech Millimeter Array, we have detected several transitions from both the v b ¼ 1 in-plane bending state and the v t ¼ 1 torsional state in the Sgr B2(N-LMH) source. Because these excited states lie near 300 K above ground, vibrationally excited CH 3 CH 2 CN is potentially a useful probe of the hottest regions of dense, dusty molecular cloud cores where massive star formation is occurring. In addition, this identification will help account for many unidentified and misidentified spectral lines observed in hot molecular cores.
INTRODUCTION
It has been known for many years that complex, saturated, organic molecules such as HCOOCH 3 (methyl formate), CH 3 OCH 3 (dimethyl ether), CH 3 CH 2 OH (ethyl alcohol), CH 2 CHCN (vinyl cyanide), and CH 3 CH 2 CN (ethyl cyanide) have detectable lines in many massive star-forming regions such as Orion-KL, Sagittarius B2, and W51 (e.g., Cummins et al. 1986; Turner 1989; Turner & Steimle 1985) . These molecules were first studied using single element telescopes with large beams, so that the location and spatial extent of the emission were not well constrained. More recently, these molecules have been imaged toward a number of sources using interferometric arrays. The results of these studies show that the emission from complex species usually arises in compact regions, which are typically less than about 0.2 pc in diameter. Furthermore, emission from complex molecules appears to arise in hot (T k 200 K) molecular cloud cores that are located near ultracompact H ii regions and contain high-velocity H 2 O masers. Such is the case for sources in Orion-KL (Wright et al. 1996) , Sgr B2 (Miao et al. 1995) , G34.3+0.2 , and W51 (Zhang et al. 1998) . All these sources contain significant amounts of dust as determined from millimeter-wave interferometric measurements. Thus, these recent observations support current chemical models that indicate that grain-surface chemistry plays a dominant role in the formation of these species (e.g., Caselli et al. 1993) .
Of all the sources listed above, the core in Sgr B2, designated the Sgr B2 Large Molecule Heimat source or Sgr B2(N-LMH) by Snyder et al. (1994) , has the highest column densities of these species of all sources studied so far. For example, based on the Berkeley-Illinois-Maryland Association 4 (BIMA) Array observations of Miao et al. (1995) , estimated the CH 3 CH 2 CN column density to be 6 ; 10 16 cm À2 in Sgr B2(N-LMH). Miao & Snyder (1997) estimated the column density of CH 3 CH 2 CN in this source to be 1 ; 10 17 cm À2 on the basis of a full-synthesis imaging study. For Orion-KL and G34.3+0.2, the column densities of this species are 3 ; 10 16 and 3 ; 10 15 cm À2 , respectively (Wright et al. 1996; .
Some of these complex species have relatively low-lying vibrational or torsional states that should have significant populations in hot core sources. For example, Pearson et al. (1997) have determined the spectrum of gauche CH 3 CH 2 OH, and, based on previous astronomical observations by Ohishi et al. (1988) , have identified lines from this state in Orion-KL. In addition, in their 218-263 GHz spectral line survey of Sgr B2, Nummelin et al. (1998) detected some 75 lines of gauche CH 3 CH 2 OH toward Sgr B2(N-LMH). The gauche+ and gaucheÀ states are closely spaced excited torsional substates and are about 57 K above the ground (trans) state of CH 3 CH 2 OH. Nummelin et al. also detected several rotational transitions of CH 3 CHCN in the 1 11 , 1 15 , and 2 11 vibrational states in Sgr B2(N-LMH), which lie 342, 490, and 686 K above the ground vibrational state, respectively. J. Pearson (2004, in preparation) has recently undertaken a laboratory investigation of the rotational spectrum of the first excited in-plane CCN bending state (v b ¼ 1) and first excited torsional state (v t ¼ 1) of CH 3 CH 2 CN. These excited vibrational states lie 297 and 306 K above the ground vibrational state, respectively (Heise et al. 1976) . Because ''hot core'' sources are indeed hot with temperatures of 200-300 K, these excited states in CH 3 CH 2 CN should be populated in such regions. If so, vibrationally excited CH 3 CH 2 CN could be used to probe the hottest regions of molecular cloud cores. For example, it could be used to determine the temperatures of such regions. In addition, the determination of the spectrum of this species will help solve an outstanding problem of unidentified lines in high-frequency spectral line surveys, since these lines have almost certainly been observed in such surveys but have remained unidentified. This is important, because, for example, the Sgr B2(N-LMH) spectral line survey of D. Friedel, L. Snyder, & B. Turner (2004, private communication) shows that about 60% of the lines are unidentified in some portions of the 3 mm spectrum.
Because CH 3 CH 2 CN is a relatively heavy rotor (55 amu) with a large dipole moment, it has numerous relatively intense rotational transitions that are easily observable in several astronomical sources in the millimeter and submillimeter spectral regimes. For example, in his 70-115 GHz spectral line surveys of Orion-KL and Sgr B2, Turner (1989) observed some 110 lines of CH 3 CH 2 CN, and Schilke et al. (1997) observed 72 spectral features, which they attributed to 110 partly blended lines from this species in their 325-360 GHz survey of Orion-KL. The rotational spectrum of each of the vibrationally excited states of CH 3 CH 2 CN is just as rich. Thus, as a result of the recent laboratory work by J. Pearson (2004, in preparation) , lines that would normally not be identifiable in surveys can now be assigned.
In order to determine if vibrationally excited CH 3 CH 2 CN could indeed be detected in an astronomical source, we have undertaken a study using the Caltech Submillimeter Observatory (CSO), the BIMA Array, and the Caltech Millimeter Array (CMA) to search for numerous transitions in Sgr B2(N-LMH), which has the highest column density of CH 3 CH 2 CN in the Galaxy (see above). We have easily detected several rotational transitions from both the v t ¼ 1 and v b ¼ 1 states of this species.
LABORATORY DETERMINATION OF THE SPECTRUM OF VIBRATIONALLY EXCITED ETHYL CYANIDE

Overview
The spectrum of CH 3 CH 2 CN has been investigated many times in the microwave, millimeter, and submillimeter spectral regions. The ground state spectrum of CH 3 CH 2 CN has been reviewed in great detail by Lovas (1982) , Pearson et al. (1994) , and Fukuyama et al. (1996) . The spectrum of the ground state is that of a classic prolate ( ¼ À0:96) asymmetric top with a high-barrier methyl internal rotation (Mäder et al. 1973a; Boucher et al. 1980 ), a small nitrogen nuclear quadrupole (Li & Harmony 1969; Heise et al. 1974) , and a large ( a ¼ 3:84 D and b ¼ 1:23 D) dipole moment (Heise et al. 1974) . A total of three previous microwave frequency investigations on all of the excited states have been reported. Laurie (1959) and Mäder et al. (1973a) studied the first excited torsional state and the first excited in-plane bend. Fukuyama et al. (1999) reported further measurements of the excited torsion and the in-plane bend along with the first measurements of the out-of-plane bend. All of these authors observed strong a-symmetry Coriolis interactions between the in-plane bend and the torsion states and predicted strong b-symmetry interactions. The Coriolis interaction arises from the coupling of the out-of-plane torsion to the in-plane bend under the C S group leading to a-and b-symmetry Coriolis interactions in which the plane of symmetry is defined by the a-and b-axes, which contain all the heavy atoms. All of these authors were successful in making a number of assignments, but none was successful in quantifying the nature of in-plane bend and torsion interactions or predicting unmeasured transitions.
The torsion-rotation-vibration problem is very complicated and has rarely been studied in great detail. As a result, the existing torsion-rotation-vibration molecular Hamiltonians neglect a number of important interactions necessary for an accurate analysis of microwave spectra. The low-lying (206:5 AE 1:5 cm À1 ) in-plane bend and (212:7 AE 1:5 cm À1 ) torsion state in CH 3 CH 2 CN afford an ideal opportunity for a detailed high-resolution study of a torsion-vibration-rotation problem. This study was undertaken to facilitate the interstellar assignments presented here and to examine the quantum mechanical details of the vibration-torsion-rotation problem for a C 3 symmetry internal rotor. Interstellar assignments are presented below along with the quantum mechanical form of the Hamiltonian in the specific case of C 3 internal rotation and an in-plane bend. A detailed quantum mechanical discussion of the Hamiltonian in the general C 3 top C S frame torsionvibration-rotation case will be presented elsewhere (J. Pearson 2004, in preparation) .
Laboratory Measurements
The sample of CH 3 CH 2 CN was obtained commercially from Aldrich Chemicals and required no further purification. Measurements from 85-261 GHz and 400-422 GHz were made with phase-locked klystrons driving point contact harmonic generators at the Jet Propulsion Laboratory. Tone burst modulation was employed for all these measurements. Measurements from 258-359 GHz were made with the Fast Scan Submillimeter Spectroscopic Technique (FASSST) spectrometer at The Ohio State University. InSb detectors were used for all measurements over 132 GHz, and Schottky diodes were used for lower frequencies. Sample cells of approximately 2 m and pressures of 2-20 mtorr were used. The lower end of this pressure range was typically required to resolve the small torsional splittings in the a-type R-branches. Measurement accuracy is estimated at 50 kHz for the strong lines below 261 GHz measured with locked klystrons, 100 kHz for all other lines measured with locked klystrons, and 250 kHz for the FASSST measurements. Care has been taken to properly weight a large number of blended or partially blended lines; however, these lines are still a disproportionate source of rms in the analysis.
Molecular Theory
A torsion-rotation-vibration molecular Hamiltonian for the interactions of the torsional state of a C 3 internal rotor and a nearly degenerate vibrational state was proposed by Dreizler (1968) . This Hamiltonian was further developed by Mäder et al. (1973b) and applied to CH 3 CH 2 CN by Mäder et al. (1973a) . The Hamiltonian assumes that the internal rotor has at least C 3 symmetry about the internal rotation axis and that the configuration of the internal rotor is unaffected by the vibration. The Dreizler Hamiltonian is an extension of the vibration-rotation Hamiltonian proposed and refined by a number of authors (Wilson & Howard 1936; Darling & Dennison 1940; Nielson 1951) . As such, it is complete and correct, but it lacks a number of important simplifications from advances in molecular theory by Watson (1968) and Pickett (1972 Pickett ( , 1997 . The Dreizler Hamiltonian is solved in the Eckart system of the vibration to eliminate an off-diagonal angular momentum between vibrational states. The internal rotation is solved with the direction cosine method pioneered by Herschbach (1959) and Lin & Swalen (1959) . There are a number of impractical aspects of the Dreizler torsion-rotation-vibration Hamiltonian when applied to pure rotational spectra. The foremost of these is the absence of direct vibrational potential information making the required expansions in the vibrational coordinate difficult. Unfortunately, neither the expansion in the vibrational coordinate nor the direction cosine solution to the torsional problem is very compatible with most existing analysis programs for rotational spectra. Because of the need for accurate astronomical predictions of previously unmeasured transitions, a two-state Hamiltonian for the coupling of torsion, vibration, and rotation has been derived in this case.
The general vibration-rotation Hamiltonian H, which includes the large-amplitude motion case, was derived by Pickett (1972 Pickett ( , 1997 and is
In this equation, p is the vibrational momentum, P is the rotational angular momentum vector, G is the inverse mass of the vibration, C is a vibrational angular momentum coupling vector, is the inverse of the moment of inertia tensor, and V is the sum of the potential energy and pseudopotential terms depending on the determinant of G and . The general Hamiltonian is infinite in dimension; however, the BornOppenheimer approximation and the appropriate contact transformations to separate all the other vibrational, nuclear, and electronic contributions from the 2 ; 2 block required for this analysis can be made. Because the torsion is a large-amplitude motion, all the small-oscillation simplifications commonly used in the separation of rotation and vibration are invalid (Gordy & Cook 1984) , and care must be taken in further separation of the ''vibration'' and rotation. Pickett (1997) has shown that the general form of the C 3 torsion-rotation Hamiltonian in a noninternal axis system is
where p is the torsional angular momentum, F is the inverse mass of inertia of the C 3 internal rotor, x is the component in the x-direction of the ratio of F to the inverse mass of the molecular frame, and P x is the rotational angular momentum along the x-axis. Expansion of P T P in the rotated principal axis system and expansion of V in an infinite sum of 1 2 V 3n ½1 À cos (3n), where is the torsional angle and V the torsional potential, leads to the following further simplification of this Hamiltonian,
In this equation, A 0 , B 0 , C, and D ab are the rotational constants in the rotated axis system. The term 2p F b P b is the linear angular momentum coupling the two vibrational states resulting from not using a common internal axis system. In this case the D ab term contains any axis rotation from the principal axis and contributions from the nonzero internal angular momentum of the torsion. The internal axis system, or internal axis method, commonly used to solve excited torsional states of C 3 internal rotation chooses the D ab so that all the terms containing b P b vanish. The remaining terms containing F and V in equation (3) are the familiar Mathieu equation used for torsional problems.
The vibrational Hamiltonian can be derived from the same equation using the same procedure and the knowledge that the vibration is an in-plane (ab-plane) bend. This results in the following Hamiltonian,
Here p q is the vibrational angular momentum, M is the reduced mass of the vibration, and k is the fraction of M along the labeled axis in an arbitrarily rotated (in the ab-plane) axis. In the case of an isolated vibrational state, the linear components of angular momentum can be made to vanish by choosing an Eckart system. The quadratic pieces are folded into the rotational constants. Any D ab portion left over is indeterminate and can be rotated away transparently giving the commonly used Watson (1968) Hamiltonian for an isolated vibrational state. Unfortunately, the torsion and the in-plane bend are nearly degenerate and are not isolated vibrational states, so the D ab cannot be neglected since the interaction of the two states allows for one D ab to be determined as an effective angle between the two states. Expansion of P T P in the rotated principal Eckart system and expansion of the vibrational potential V in a power series of force constants k in the vibrational coordinate q leads to the following simplified vibration-rotation Hamiltonian,
In this equation, A 0 , B 0 , C, and D ab are the rotational constants, and U is a pseudopotential term of quantum mechanical origin (Gordy & Cook 1984) . The other terms are the normally separable vibrational portion of the Hamiltonian, which cannot be directly determined from the pure rotational spectra.
In the case of the excited states of CH 3 CH 2 CN, the torsion and vibration are nearly degenerate and interact strongly. The form of this interaction is effectively the derivative of the diagonal portion of the Hamiltonian given in equations (3) and (5) by the internal coordinate of the vibration, q, and the torsion , respectively, under the C S group. This can be derived rigorously from equation (1); however, the details are unnecessary for this discussion. The torsion-vibration-rotation interaction portion of the Hamiltonian is
In equation (7), Q a and Q b are the effective Coriolis constants along the a-and b-molecular axes as defined by the D ab choice in equation (3). The resulting 2 ; 2 Hamiltonian has an A, B, and C for each state expansions of A, B, and C in cos (3 ), D ab (chose to be zero for the torsion), a scalar energy, an energy times sin (3), a P b sin (3) term for the non-inertial axis method torsion, and distortion constants on diagonal. The off-diagonal block has P a , P b , and expansions of these in P 2 , P 2 a , and cos (3). The torsional problem is solved in a reduced axis system; however, an internal axis system could also be used at the cost of solving the vibrational problem in a non-Eckart system.
Analysis
Over 4000 lines have been measured and fit to near the experimental accuracy with the Hamiltonian described in x 2.3. A reduced axis system with the D ab of equation (3) fixed to zero was used to solve the torsional problem. The vibrational problem was solved in that basis with the necessary axis rotation term. The rotational spectrum is dominated by the effects of the large a-and b-symmetry Coriolis interactions between the out-of-plane torsion and the in-plane bend. The a-symmetry interactions strongly affect the lowest K levels at low J because of an avoided crossing between K a ¼ 3 of the bend and K a ¼ 1 of the torsion near J ¼ 13. Near the avoided crossing the small energy difference ($30 MHz in the excited torsion) between the A and E torsional substates gives rise to large torsional splittings in both the bend and the torsion states. This can be seen, for example, in the v t ¼ 1 13 1;13 12 1;12 transition near 113:4 GHz (see Table 1 ). The b-symmetry interaction affects the higher K a spectra through a strong interaction of K a ¼ 5, 6, 7, and 8 of the bend with K a ¼ 4, 5, 6, and 7 of the torsion. The full analysis of the CH 3 CH 2 CN in-plane bend first excited torsional state system spectrum, the details of the Hamiltonian, the fit, and a comparison to the previous work is beyond the scope of this paper but is in preparation and will be presented elsewhere (Pearson 2004 ).
ASTRONOMICAL OBSERVATIONS
Initially, we observed several transitions of vibrationally excited CH 3 CH 2 CN in the 215-270 GHz range in Sgr B2(N-LMH) using the CSO, located at 14,000 feet (4300 m) elevation at the summit of Mauna Kea, Hawaii, during 1997 May. The quantum mechanical parameters of the lines we sought are listed in Table 1 . In this table are listed the transition, the vibrational state, the observed laboratory frequency, the frequency determined from the theoretical fit, the difference between the observed and calculated frequency (in cases for which there is no observed frequency, this quantity represents the uncertainty in the fit), the product of the line strength and the square of the relevant component of the dipole moment (S 2 x ), and the energy of the upper state (E u ). Also in this table are the lines we sought using the BIMA Array and CMA between 107 and 114 GHz (see below). With the CSO, we used the facility 205-290 GHz heterodyne receiver to carry out these observations. This receiver has a main beam efficiency of 65% (we present CSO spectra in terms of the raw antenna temperature units) and a beam FWHM of 30 00 . System temperatures were typically in the 300-400 K range. Pointing was checked using Mars and is accurate to better than 4 00 . The pointing position we used was at the position of the CH 3 CH 2 CN emission peak determined by Miao et al. (1995) of (B1950) ¼ 17 h 44 m 10 s :1, (B1950) ¼ À28 21 0 15 00 . Typically, on-source integration times at each frequency were 10 to 20 minutes. Because Sgr B2(N-LMH) is an extremely rich source of spectral lines, the confusion limit due to spectral line crowding was easily reached for all spectra in our typical integration time. Position switching in azimuth was used with the ''OFF'' positions being 5 0 from the source. This relatively large offset assured that no emission from the OFF positions would contaminate the calibrated Sgr B2 spectra.
In order to confirm the CSO detection of vibrationally excited CH 3 CH 2 CN, we used the BIMA Array, located at the Hat Creek Radio Observatory, and the CMA, located at the Owens Valley Radio Observatory, to observe several transitions in the 107-114 GHz range (see Table 1 for the frequencies and other quantum mechanical parameters of these lines) in Sgr B2(N-LMH). The BIMA Array observations were carried out in 1997 November and December, and the CMA observations were carried out in 1997 November. In all cases the calibration procedures were the same. NRAO 530 was used to calibrate the complex, antenna-based gains, and 3C 273 was used to calibrate the bandpass responses. The Sgr B2(N) continuum source is bright enough so that self-calibration of the antennabased phases was possible for all the interferometric observations, which significantly improved the dynamic ranges of the images. The BIMA Array data were calibrated and imaged using the MIRIAD software package. The CMA data were calibrated using the MMA package and then self-calibrated and imaged using the AIPS package.
RESULTS AND DISCUSSION
The spectra of the lines we sought are presented in Figure 1 and are arranged by increasing frequency. The CSO spectra are double-sideband, while the BIMA Array and CMA spectra are single-sideband. The rest frequency scale was established using a velocity of 63.3 km s À1 , which is the velocity of the main velocity component of a ground vibrational state CH 3 CH 2 CN line observed by Miao et al. (1995) . The flags labeled ''vÀCH 3 CH 2 CN'' mark the frequencies of the vibrationally excited CH 3 CH 2 CN lines. As is clearly apparent, all the vibrationally excited CH 3 CH 2 CN lines in the 107-114 GHz range are detected with BIMA and the CMA. The CSO spectra are more confused than the BIMA and CMA spectra because Fukuyama et al. (1999) has also measured the frequencies of these lines in addition to J. Pearson (2004, in preparation) . There is excellent agreement between both sets of measurements, and both investigators have assigned the same transitions to these frequencies.
c Measured frequency by Fukuyama et al. (1999) .
they are double-sideband and were taken using a telescope with a fairly large beam. However, there are several features that can be assigned to vibrationally excited CH 3 CH 2 CN. For example, the features near 214,995, 217,950, 268,840, 269,500, and 269,550 MHz can be unambiguously assigned to vibrationally excited CH 3 CH 2 CN. Also noticeable in some of the BIMA Array and CMA spectra (e.g., are second features of vibrationally excited CH 3 CH 2 CN at lower frequencies than the main peaks. These features are at a velocity of 73 km s À1 . Previous observations have shown that the ground vibrational state of CH 3 CH 2 CN also has a second feature near this velocity (e.g., Fig. 1 of Miao et al. 1995) . The spectra of other complex species such as HCOOCH 3 and CH 2 CHCN also display a second feature near this velocity. The interferometer data allow us to pinpoint the location of the source of the vibrationally excited CH 3 CH 2 CN emission. Not surprisingly, the vibrationally excited emission occurs at the same location as the ground state emission (Miao et al. 1995) . This source, known as Sgr B2(N-LMH), contains large abundances of many complex species. The vibrationally excited CH 3 CH 2 CN emission peak (spectrally integrated over both the 63 and 73 km s À1 features) is shown as contours overlaid on a gray-scale 3.6 cm continuum emission image (D. Mehringer et al. 1998, in preparation) in Figure 2 . The CH 3 CH 2 CN emission is unresolved in the relatively large (FWHM 12B5 ; 4B0, P:A: ¼ À5 ) CMA beam. The CMA beam is elliptical because Sgr B2 is a southerly source and so there is significant foreshortening of the north-south baselines. As with the emission peaks of the other complex species in Sgr B2, the emission peak of vibrationally excited CH 3 CH 2 CN is located near the K1-K2-K3 cluster of ultracompact H ii regions, the dust continuum peak (Kuan et al. 1996) , and a site of H 2 O maser emission.
Under ideal circumstances, the lines detected in this study could be used to carry out a rotation diagram analysis to determine both the column density and the temperature of the emitting region. The best lines for this analysis are those in the 107-114 GHz range since most of them are relatively unblended. The lines detected in the CSO study are blended with other features making determinations of integrated line intensities either difficult or impossible. Unfortunately, as can be seen from Table 1 , the lines between 107 and 114 GHz have very similar upper state energies of 332-345 K, meaning that these points would be clustered very near one another in the diagram, making the linear fit highly uncertain.
Another way to determine the column density of CH 3 CH 2 CN is to assume LTE, a rotation temperature, and optically thin line emission. Here we use the BIMA Array data at 109,680 MHz for this calculation because the two velocity components in this spectrum are of relatively high signal-to-noise ratio and reasonable results are achieved when fitting two Gaussians to the spectrum. For this spectrum, the column density of CH 3 CH 2 CN can be calculated using Miao et al. 1995) . In equation (8) In addition, because the features at this frequency are composed of both A and E symmetry state lines with identical quantum mechanical parameters, in order to determine the correct value of the CH 3 CH 2 CN column density, the values of R ÁI dv given above must be divided by 2.
Next, a value for T r must be assumed. Hüttemeister et al. (1993) observed several transitions of NH 3 from which they estimate the rotation temperature of Sgr B2(N) to be in the range of 150-300 K. The values of the partition function, Q, at 150, 200, and 300 K are 6:7 ; 10 4 , 1:2 ; 10 5 , and 2:6 ; 10 5 , respectively. These values were determined by summing over all the rotational states up to J ¼ 80 for the ground vibrational states, as well as the v t ¼ 1 and v b ¼ 1 states. The values we derive for the 63 and 73 km s À1 features at 150, 200, and 300 K are listed in Table 2 . The derived value of 8 ; 10 16 cm À2 for the 63 km s À1 feature at T r ¼ 200 K is in good agreement with the value of 6 ; 10 16 cm À2 derived by on the basis of the ground vibrational state 10 1;10 9 1;9 observed of Miao et al. (1995) . This value also compares well to the value of 1 ; 10 17 cm
À2
derived by Miao & Synder (1997) on the basis of results from a full-synthesis imaging project.
SUMMARY
We have detected several transitions from the v b ¼ 1 and v t ¼ 1 vibrationally excited states of CH 3 CH 2 CN in the ISM for the first time. The detection source was Sgr B2(N-LMH), which has the highest column density of CH 3 CH 2 CN of all known Galactic sources. The initial detections were made using the CSO in the 215-270 GHz range, and subsequent detections were made with the BIMA Array and CMA in the 107-114 GHz range. Because these vibrational states lie only about 300 K above ground, they are easily populated in hot core sources such as Sgr B2(N-LMH). Because of line confusion problems with the 215-270 GHz CSO data and because the 107-114 GHz lines observed with the BIMA Array and CMA all lie at nearly the same energy above ground, we are unable to perform a rotation temperature-column density analysis of our data. However, if we adopt a temperature range of 150-300 K as estimated by Hüttemeister et al. (1993) , we derive column densities of (8 10) ; 10 16 and (3 4) ; 10 16 cm À2 in the 63 and 73 km s À1 components, respectively. With the present results and the upcoming paper by Pearson (2004) , which will thoroughly discuss the spectrum of vibrationally excited CH 3 CH 2 CN, many unidentified and misidentified lines from recent spectral line studies will be assigned to this species.
